4 mammalian MKP-3, DMKP-3, that has a high substrate specificity toward DERK (15) .
When overexpressed in Schneider cells, DMKP-3 specifically inhibited DERK activity, without noticeable effects toward DJNK and p38. DMKP-3 also specifically interacted with DERK at its N-terminal docking site motif (15) .
In this study, we investigated the role of DERK in Schneider cell proliferation by modulating ERK activity using both overexpression and partial knock out methodologies. By overexpressing DMKP-3 within Schneider cells, we identified the role of DERK in cell proliferation. This was detected by inhibition profiles of the G1 to S cell cycle progression and by bromodeoxyuridine (BrdU) incorporation. The role of DERK in Schneider cell proliferation was further confirmed by double-stranded RNA (dsRNA)-mediated interference (RNAi) of DERK and DMKP-3 (14, 16) . To the best our knowledge our study demonstrates for the first time evidence for the role of DERK in Drosophila cell proliferation. polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis performed, as previously described (18) . The activation of endogenous DERK was determined by using phospho-specific anti-ERK antibody (New England Bio Labs). DMKP-3
EXPERIMENTAL PROCEDURES

Plasmids--The Drosophila
proteins were detected by purified anti-DMKP-3 rabbit polyclonal antibody (15) . α-tubulin was also detected as a control by using anti-α-tubulin antibody (Calbiochem).
Blots were probed with horseradish-peroxidase (HRP)-conjugated goat anti-mouse IgG (Bio Rad) and goat anti-rabbit IgG (Promega) secondary antibodies, and visualized by enhanced chemiluminescence (Genepia). analysis. In some cases, the cells were treated with human insulin (10 µg/ml) for 24 h before harvesting. Cells collected from 6-well plates were rinsed twice with PBS and fixed by adding 70% cold ethanol. The cells were washed with PBS containing 1% horse serum. Subsequently, the DNA was stained with 100 µg/ml propidium i odide for 30 min at 4 o C. The cell cycle profile and FCS were determined using a Becton for detecting DMKP-3-Myc proteins. DAPI was then treated at a final concentration of 1 µM in PBS for 10 min, and the cells were extensively washed with PBS and mounted for photography using a Radiance 2000/MP, multi-photon imaging system (Bio-Rad, UK).
BrdU incorporation--For the BrdU incorporation studies, Schneider cells were grown at 23 o C to 60% confluence on coverslips in 6 well-plates. They were then transfected with calcium phosphate as described previously (17) Each experiment was performed at least three times.
dsRNA preparation--DERK and DMKP-3 were made as described previously (14) (Fig. 1A ) (15) . Simultaneously, the phospho-DERK proteins are significantly translocated into nuclei of the cells (Fig. 1A) . To compare the upper three panels with the middle three panels).
DMKP-3 traps DERK proteins within the cytosol of Schneider cells--Inhibition of
G1 to S phase cell cycle progression by catalytically inactive DMKP-3-CA mutant suggested that the DMKP-3 protein can regulate DERK activity by mechanism(s) other than catalysis. It is known that several mitogen activated protein kinase (MAPK)
phosphatases including mammalian MKP-3, can regulate MAPK by substrate trapping (19, 20) . Therefore, we tested whether DMKP-3 can trap DERK within the cytoplasm of Schneider cells. In this case, we co-transfected plasmids for Myc tagged DMKP-3 (DMKP-3-Myc) and His-tagged DERK (DERK-His) proteins and immunocytochemically localized the proteins. DERK-His proteins were found to be significantly localized in the cytoplasm whe n co-expressed with DMKP-3-Myc. The cytosolic localization of DERK-His was even more significant when cell were co-expressed together with the catalytically inactive DMKP-3-CA-Myc (Fig. 4) .
However, DERK proteins were significantly localized at the nucle i of cells by cotransfection with DMKP-3-RR-Myc, which had substantially lost its DERK binding capacity (Fig. 4) (15) .
The proliferation of Schneider cells is dependent on the status of DERK--To
identify the role of DERK in the proliferation of Schneider cells more directly, we depleted DERK or DMKP-3 protein by RNAi (14) . The DERK protein levels were significantly lowered by DERK RNAi, and DERK activities, which was determined by phospho-ERK levels were also subsequently lowered (Fig. 5A) . The insulin dependence of the activation of DERK activity was similarly observed in cells depleted in DERK (Fig. 5A) . Interestingly, the insulin dependence on the activation of DERK was almost abolished in cells treated with DMKP-3 dsRNA, and therefore, the phospho-ERK level was high even without insulin stimulation ( (Fig. 6 ). In addition, these results correlated with the phospho-DERK levels (Fig. 5) . Drosophila insulin receptor also transduces a signal for the positive regulation of growth (27) (28) (29) . The DInr, DAkt, Chico and Dp110 (homologues of mammalian insulin receptor, Akt, IRS and PI3-K respectively) influence both cell size and numbers in the Drosophila wing (28, 30) and a reduction in the components resulted in the inhibitio n of both cell growth and cell size (27, 29, 30) . On the other hand, the expression of DAKT increased cell size without increasing cell numbers and proliferation rates in imaginal discs (12) . Therefore, the insulin receptor signaling pathway may regulate cell growth at the upstream of DAKT and be independent of DAKT which involving size control. However, it is unknown how insulin receptor stimulates proliferation of Drosophila cells and it is also not clear whether that is due to direct modulation of the cell cycle machinery or other secondary effects (12) .
DISCUSSION
Stimulation of Schneider cells with human insulin caused activation of the components of both DPI3-K-DAKT and DSOR1-DERK cascades (14) . However, the physiological role(s) associated with the activation of the cascade were not characterized.
In this study, we found that human insulin promotes cell proliferation through the G1 to S phase transition. G1 to S phase cell cycle progression and BrdU incorporation were significantly inhibited by DMKP-3 overexpression. This result suggests that insulin may stimulate G1 to S phase cell cycle progression through the activation of DERK.
Although the DMKP-3-CA catalytic mutant essentially lost its DERK inhibitory function in vitro (15) , it significantly inhibited G1 to S phase cell cycle progression, especially in cells stimulated with insulin ( Fig. 2; 
